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Abstract

Antidepressants are associated with traumatic injury and are widely used
with other medications. It remains unknown how drug-drug-drug interac-
tions (3DIs) between antidepressants and two other drugs may impact po-
tential injury risks associated with antidepressants. We aimed to generate
hypotheses regarding antidepressant 3DI signals associated with elevated in-
jury rates. Using 2000-2020 Optum's de-identified Clinformatics Data Mart,
we performed a self-controlled case series study for each drug triad consisting
of an antidepressant + codispensed drug (base-pair) with a candidate interact-
ing medication (precipitant). We included persons aged greater than or equal
to 16 years who (1) experienced an injury and (2) used a candidate precipi-
tant, during base-pair therapy. We compared injury rates during observation
time exposed to the drug triad versus the base-pair only, adjusting for time-
varying covariates. We calculated adjusted rate ratios (RRs) using conditional
Poisson regression and accounted for multiple comparisons via semi-Bayes
shrinkage. Among 147,747 eligible antidepressant users with an injury, we
studied 120,714 antidepressant triads, of which 334 (0.3%) were positively as-
sociated with elevated injury rates and thus considered potential 3DI signals.
Adjusted RRs for signals ranged from 1.31 (1.04-1.65) for sertraline + levothy-
roxine with tramadol (vs. without tramadol) to 6.60 (3.23-13.46) for escitalo-
pram + simvastatin with aripiprazole (vs. without aripiprazole). Nearly half
of the signals (137, 41.0%) had adjusted RRs greater than or equal to 2, sug-
gesting strong associations with injury. The identified signals may represent
antidepressant 3DIs of potential clinical concern and warrant future etiologic
studies to test these hypotheses.
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WHAT IS THE CURRENT KNOWLEDGE ON THE TOPIC?

Antidepressants are associated with traumatic injury and are widely used together
with other medications. The high rate of polypharmacy among antidepressant
users raises the concern for potential drug interactions leading to unintentional
traumatic injury. Although several studies have investigated pairwise antide-
pressant interactions associated with injury, higher-order interactions involv-
ing more than two drugs (such as drug-drug-drug interactions [3DIs]) remain

We aimed to generate hypotheses regarding potential antidepressant 3DI signals

WHAT DOES THIS STUDY ADD TO OUR KNOWLEDGE?
Using real-world data, we conducted high-throughput pharmacoepidemiologic
screening and identified 334 drug triads involving antidepressants that were as-

HOW MIGHT THIS CHANGE CLINICAL PHARMACOLOGY OR

The identified antidepressant triads suggest potential 3DIs with antidepressants
that were of clinical concern. Researchers may use our findings to prioritize fu-
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understudied.
WHAT QUESTION DID THIS STUDY ADDRESS?
associated with elevated injury rates.
sociated with increased injury rates.
TRANSLATIONAL SCIENCE?

INTRODUCTION

Over recent decades, antidepressants have become widely
used in the United States for treating clinical depres-
sion and anxiety. From 2015 to 2016, antidepressants
were the most commonly used prescription drugs among
Americans aged 20-59,! and from 2015 to 2018, 13.2%
of US adults reported using antidepressants in the past
month.? Despite known benefits, antidepressants have
the potential to adversely affect cognitive, psychomotor,
and cardiac function, causing sedation, impaired balance,
orthostatic hypotension, and cardiac arrhythmia—all of
which potentially predispose users to accidents and re-
sulting injuries.® Among older adults, antidepressant use
has been linked to 1.3 times the risk of fall-related injury,”
1.7 times the risk of hip fracture,’ and 1.8 times the risk of
motor vehicle crash,® compared to nonuse.
Antidepressants are commonly used with other medi-
cations. In a sample of commercially insured antidepres-
sant users, 68.1% were taking three or more additional
medications at the time they began taking an antidepres-
sant.” As other medications may have pharmacokinetic
(e.g., by inhibiting antidepressants’ hepatic metabolism)
or pharmacodynamic (e.g., by contributing to antidepres-
sants’ central nervous system [CNS] effects) interactions
with antidepressants,®® they may heighten potential injury
risks associated with antidepressants. In a recent pharma-
coepidemiologic screening study, 256 antidepressant + co-
dispensed drug pairs had 1.1- to 3.1-fold increased rates

ture etiologic studies of three-way antidepressant interactions and injury.

of unintentional traumatic injury, compared with anti-
depressant use alone'’; this study did not examine drug
triads. Unintentional injury is a public health problem as
it often causes morbidity and mortality and incurs sub-
stantial economic costs."' Recognizing the urgent need
to reduce potentially preventable injuries arising from
antidepressant drug interactions, the US Senate Special
Committee on Aging and US National Highway Traffic
Safety Administration recently highlighted the need for
more research on identification of potentially harmful
drug interactions.'? Concerns regarding drug interactions
have already informed clinical guidelines; for example,
the American Geriatrics Society Beers Criteria strongly
recommends clinicians avoid prescribing three or more
CNS-active drugs (including antidepressants) to prevent
falls and fractures in older adults."

Despite increasing recognition of the potential dangers of
antidepressant drug interactions, limited evidence exists on
the health outcomes of drug-drug-drug interaction (3DIs)
involving an antidepressant with two other drugs (i.e., triad).
Current studies of triads have been limited to examinations
of the associations between receipt of greater than or equal to
three CNS medications (including antidepressants) and the
risk of recurrent falls among older adults, without identifying
specific antidepressant drug triads of clinical concern.'*
Given the high prevalence of polypharmacy in antidepres-
sant users and the potential for severe consequences of unin-
tentional injuries, it is critical to identify potentially harmful
antidepressant drug triads so that patients and providers can
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strive to avoid the most risky combinations where possible.
Limited resources often require researchers to prioritize
drug triads of the highest clinical relevance. To assist with
this prioritization, we conducted a high-throughput phar-
macoepidemiologic screening of real-world data to generate
hypotheses regarding antidepressant 3DI signals associated
with elevated injury rates.

METHODS
Data source

Data came from Optum's de-identified Clinformatics Data
Mart from May 1, 2000, to February 29, 2020. This data-
base contains billing records for inpatient stays, outpatient
encounters, and dispensed prescriptions of greater than
71 million people enrolled in commercial or Medicare
Advantage health insurance plans (Methods S1). The
University of Pennsylvania's Office of Regulatory Affairs
approved the study protocol (#831486).

Study design

We performed a self-controlled case series (SCCS) study for
each unique drug triad consisting of an antidepressant+a
co-dispensed drug (base-pair) with a candidate interacting
medication (precipitant; Figure 1). The observation time
consisted of days with base-pair use and was classified as
either exposed or unexposed based on whether a given
individual also received candidate precipitant. Within

Observation
begin

183-DAY
WASHOUT

CP—U aays

«— OBSERVATION PERIOD

CANDIDATE INTERACTING PRECIPITANT episode
CO-DISPENSED DRUG OF THE BASE-PAIRepis?de
1

ANTIDEPRESSANT episode

each individual, the outcome rate during exposed person-
days was compared with unexposed person-days, and an
increased outcome rate signaled for potential 3DIs. This
study design is well-suited for 3DI screening as it controls
for the effects of confounding variables that do not change
over time, is highly computationally efficient, and has
previously been used in high-throughput pharmacoepi-
demiologic screening to identify drug interaction signals
associated with injury.'®'7~%

Study sample

For each antidepressant triad (e.g., antidepressant+drug
A as the base pair with drug B as the candidate precipi-
tant), we first identified individuals aged greater than or
equal to 16years who initiated the antidepressant of inter-
est without having received it in the prior 183 days. Among
the antidepressant initiators, we limited the study sample
to people who: (1) received the co-dispensed drug of the
base-pair (drug A) while using the antidepressant, (2) ex-
perienced at least one outcome of interest (see Outcome)
during base-pair use (antidepressant +drug A), as the SCCS
design requires outcome occurrence during the observation
period,” and (3) received the candidate precipitant drug
(drug B) concurrently with the base-pair. As a concomitant
medication taken with antidepressant could be classified as
either drug A or drug B, we assembled a study sample for
each scenario and examined the two triads separately: (1)
antidepressant+drug A as the base-pair with drug B as the
candidate precipitant, and (2) antidepressant+drug B as
the base-pair and drug A as the candidate precipitant.

Observation
End

Traumatic
Injury

FIGURE 1 Example of an antidepressant+ co-dispensed drug base-pair episode eligible for inclusion. For each eligible antidepressant

initiator (defined as having a>183-day washout period without antidepressant use before the first antidepressant dispensing), the

observation period began on the first day with supplies of both the antidepressant and the co-dispensed drug of the base-pair. The study
individual may have started the antidepressant first and then added on the co-dispensed drug of the base-pair (pictured), vice versa, or
started both drugs simultaneously. Regardless, the observation period consisted exclusively of days with continuous base-pair therapy. Days
were categorized as candidate interacting precipitant exposed (CP-E) or unexposed (CP-U) based on whether the study individual had or
did not have supply of a candidate interacting precipitant. The study individual was also required to experience a traumatic injury during
the observation period. The comparison of interest was the rate of injury during CP-E days versus CP-U days. CP-E, candidate interacting

precipitant-exposed; CP-U, candidate interacting precipitant-unexposed
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Follow-up

We followed the study sample from the first day of base-
pair use until any of the following events occurred: (1)
disenrollment from their healthcare plan, (2) discontinu-
ation of base-pair therapy, allowing a grace period of 20%
days’ supply of the last dispensing, (3) switch from a solid
to liquid dosage form of the antidepressant, or (4) study
end (i.e., February 29, 2020).

Exposure

The exposure of interest was receipt of a candidate pre-
cipitant drug. To ensure the comprehensiveness of the
screening, we considered all orally administered medi-
cations received by the individual during the base-pair
defined observation period as candidate precipitants. To
mitigate reverse causation (i.e., the precipitant was pre-
scribed to treat injury), the precipitant drugs’ dispensing
date was pushed 1day forward.

Outcome

The primary outcome was unintentional traumatic in-
jury, operationalized as an inpatient hospitalization or
emergency department visit due to an unintentional in-
jury. We considered all types of unintentional injuries
that were listed in the American College of Surgeons’
National Trauma Data Bank Data Standard (version
March 2015),%* except for burns, as they seem unlikely
to have resulted from drug interactions. We further ex-
amined two injury subtypes as secondary outcomes: (1)
typical hip fracture, defined as an unintentional trau-
matic injury with principal inpatient hospitalization di-
agnosis indicative of hip fracture; and (2) motor vehicle
crash when the individual is driving, defined as an unin-
tentional traumatic injury with external cause of injury
codes indicative of a motor vehicle accident. We provide
details of how these definitions were operationalized and
their performance in Table S1.

Covariates

Because the SCCS design inherently controls for time-
invariant but not time-varying confounders, we adjusted
for the following time-varying covariates: (1) antidepres-
sant daily dose, dichotomized by the median, (2) follow-up
months since the first day of base-pair use, dichotomized
by one or greater than or equal to two, and (3) a binary
indicator of ever having the outcome previously.

ASCPT

Statistics

For each antidepressant drug triad, we generated a con-
ditional Poisson regression model to estimate rate ratios
(RRs) and 95% confidence intervals (CIs) and com-
pared the injury rates during observation time exposed
versus unexposed to the candidate precipitant drug (i.e.,
mtebase;ﬂ:;::fs::‘:‘;:fy'ec‘"""‘"‘), adjusting for the time-varying covar-
iates described in section Covariates. To ensure that our
models were statistically stable, we only calculated RRs
when there were greater than or equal to five individu-
als in the study sample and the variance of the param-
eter of interest was <10. To reduce the likelihood of false
positive findings due to multiple testing, we adjusted
RRs using semi-Bayes shrinkage, which moved extreme
values toward the overall average effect (Methods S1).
Analyses were conducted using SAS version 9.4 and
STATA version 16.

RESULTS

A total of 147,747 people using an antidepressant were
included in the analyses of injury (Table S2). Table 1 lists
characteristics of people who received the most used anti-
depressants and experienced an unintentional traumatic in-
jury. Among them, the median length of observation period
ranged from 71.0days for trazadone to 170.0days for citalo-
pram. Median age ranged from 59.7years for people using
bupropion to 81.2years for mirtazapine. People using these
antidepressants were predominantly women (62.3-71.8%)
and White (67.1-73.5%). The largest samples were for ser-
traline, citalopram, and escitalopram, consisting of 22,810,
20,397, and 19,028 individuals with an injury, respectively.
In analyses of secondary outcomes, we included 7850 anti-
depressant users with a typical hip fracture (Table S3) and
806 with a motor vehicle crash (Table S4).

Table 2 summarizes findings for unintentional traumatic
injury after covariate adjustment and semi-Bayes shrinkage.
We examined 120,714 antidepressant drug triads, ranging
from three triads that included fluvoxamine to 15,847 triads
that included sertraline. A total of 334 (0.3%; Table S5) drug
triads had statistically significant elevated RRs and were
thus considered potential 3DI signals. Signals involved the
11 most widely used antidepressants—sertraline (80 sig-
nals, 0.5% of sertraline triads examined), citalopram (69 sig-
nals, 0.5% of citalopram triads examined), escitalopram (66
signals, 0.5% of escitalopram triads examined), trazodone
(28 signals, 0.2% of trazodone triads examined), duloxetine
(20 signals, 0.2% of duloxetine triads examined), paroxe-
tine (20 signals, 0.3% of paroxetine triads examined), mir-
tazapine (19 signals, 0.2% of mirtazapine triads examined),
fluoxetine (13 signals, 0.1% of fluoxetine triads examined),
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TABLE 2 Summary data on rate ratios for unintentional
traumatic injury after time-varying covariate adjustment and semi-
Bayes shrinkage, by antidepressant

Number (%)

Number  Range of of triads with

of triads  RRs, min statistically
Antidepressant® examined - max elevatedRRs"®
Anmitriptyline 6979 0.31-236 6(0.1)
Bupropion 8062 0.28-2.07 7(0.1)
Citalopram 13,833 0.33-2.94 69 (0.5)
Desipramine 5 0.39-0.54 0
Desvenlafaxine 620 0.49-2.23 0
Doxepin 1012 0.41-1.78 0
Duloxetine 13,258 0.32-2.63 20(0.2)
Escitalopram 14,562 0.39-6.60 66 (0.5)
Fluoxetine 9324 0.38-2.74 13(0.1)
Fluvoxamine 3 0.25-0.32 0(0.0)
Imipramine 91 0.65-2.38 0(0.0)
Mirtazapine 8190 0.41-2.92 19 (0.2)
Nortriptyline 2031 0.46-1.92 0(0.0)
Paroxetine 7100 0.33-2.31 20 (0.3)
Sertraline 15,847 0.29-2.84 80(0.5)
Trazodone 12,262 0.38-2.51 28 (0.2)
Venlafaxine 7262 0.41-2.16 6(0.1)
Vilazodone 72 0.88-2.31 0
Vortioxetine 201 0.60-1.67 0

Abbreviation: RR, rate ratio.

*Brexpiprazole, clomipramine, and nefazodone were examined but did not
have valid models and thus were excluded from this table.

PAfter semi-Bayes shrinkage.

“Proportion was calculated for each antidepressant as the number of triads
with statistically elevated RRs divided by the number of triads examined.
For example, sertraline had 80 triads with statistically elevated RRs out

of 15,847 triads examined, therefore the proportion was calculated as
80/15,847 = 0.5%.

bupropion (7 signals, 0.1% of bupropion triads examined),
venlafaxine (6 signals, 0.1% of venlafaxine triads examined),
and amitriptyline (6 signals, 0.1% of amitriptyline triads ex-
amined). We identified no signals for other antidepressants.
Table S6 summarizes RRs for typical hip fracture. Only one
stable model was obtained for motor vehicle crash. We iden-
tified no signals for either of these secondary outcomes.

Of the 334 3DI signals for injury, 137 (41.0%; Table 3)
had adjusted RRs greater than or equal to 2, suggesting rel-
atively strong associations between drug triads and elevated
injury rates. The most common co-dispensed drugs for these
strong signals included cardiovascular with anti-infective
agents (n = 59, 18%), cardiovascular with CNS agents (44,
13%), CNS with CNS agents (8%), and renal/genitourinary
with anti-infective agents (8%). The strongest associations
were identified for escitalopram +simvastatin with versus

ASCPT

without aripiprazole (RR = 6.60, 95% CI: 3.23-13.46), es-
citalopram +olmesartan with versus without clonazepam
(4.35, 2.09-9.07), and escitalopram + solifenacin with versus
without sulfamethoxazole (2.99, 1.55-5.79).

DISCUSSION

We conducted high-throughput pharmacoepidemiologic
screening of real-world data to identify potential antide-
pressant 3DIs of clinical concern. Among 120,714 anti-
depressant drug triads screened, 334 (0.3%) signaled for
unintentional traumatic injury. Nearly half (137, 41.0%)
of the signals had an adjusted RR greater than or equal
to 2, suggesting relatively strong associations between
these drug triads and elevated injury rates. In addition
to unintentional traumatic injury, we also screened for
associations with hip fracture and motor vehicle crash.
No signals were ultimately identified, likely due to much
smaller eligible samples for these outcomes.

Although not previously examined in etiologic studies,
many of the 3DI signals identified in this study are biolog-
ically plausible. These signals can be classified into two
categories based on their proposed mechanisms. The first
and the most common mechanism is a pharmacodynamic
interaction among the three drugs, wherein each drug is
independently associated with risk of injury. For exam-
ple, the co-dispensed drug of the base-pair and candidate
precipitant drug often included CNS agents that may lead
to additive sedative effects with antidepressants,23 such
as escitalopram + memantine (a CNS agent) with versus
without divalproex (a CNS agent; RR = 2.36,95% CI: 1.28-
4.36). Other triads included antihypertensive agents that
possibly worsen the orthostatic hypotension that may re-
sult from antidepressant use,?* such as trazodone + furo-
semide (an antihypertensive agent) with versus without
promethazine (2.29, 1.29-4.06). Finally, triads often in-
cluded drugs with anticholinergic properties, such as es-
citalopram + oxybutynin (an anticholinergic agent) with
versus without codeine (2.62, 1.26-5.46).

The second mechanistic category is a pairwise pharma-
cokinetic interaction within the base-pair thatis augmented
by the pharmacodynamic interaction between antidepres-
sant and precipitant drug. For example, the RR = 2.08 for
the addition of tramadol to escitalopram + risperidone may
be explained by the pharmacokinetic interaction between
risperidone (a cytochrome P450 [CYP] 2D6 substrate) and
escitalopram (a weak CYP2D6 inhibitor),”> augmented by
the pharmacodynamic interaction between tramadol and
escitalopram. Escitalopram may increase risperidone's
concentration by inhibiting its metabolism via CYP2D6,
potentiating its CNS depressant effects. Tramadol not only
may compound these CNS depression effects, but also may
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TABLE 3 Antidepressant drug-drug-drug interaction signals with semi-Bayes shrunk adjusted rate ratios for unintentional traumatic

injury greater than or equal to two, by antidepressant and therapeutic category of co-dispensed drug

Antidepressant

Anmitriptyline

Bupropion

Citalopram

Duloxetine

Therapeutic class of

co-dispensed drug of the

base-pair
Cardiovascular

Endocrine and metabolic

Cardiovascular

Cardiovascular

Central nervous system

Endocrine and metabolic

Renal and genitourinary

Cardiovascular

Central nervous system

Endocrine and metabolic
Gastrointestinal

Hematological

Co-dispensed drug of
the base-pair
Losartan
Levothyroxine
Levothyroxine
Losartan
Simvastatin
Simvastatin
Atorvastatin
Isosorbide mononitrate
Rosuvastatin
Rosuvastatin
Isosorbide mononitrate
Atenolol
Atenolol
Lisinopril
Enalapril
Enalapril
Olanzapine
Gabapentin
Clonazepam
Donepezil
Donepezil
Memantine
Norethindrone
Ethinyl estradiol
Levothyroxine
Levothyroxine
Levothyroxine
Finasteride
Finasteride
Tamsulosin
Oxybutynin
Carvedilol
Losartan
Simvastatin
Tizanidine
Zolpidem
Allopurinol
Pantoprazole

‘Warfarin

Candidate
interacting
precipitant
Nitrofurantoin
Tizanidine
Celecoxib
Zolpidem
Sulfamethoxazole
Trimethoprim
Cefuroxime
Sulfamethoxazole
Sulfamethoxazole
Trimethoprim
Trimethoprim
Sulfamethoxazole
Trimethoprim
Losartan
Sulfamethoxazole
Trimethoprim
Lorazepam
Buspirone
Tramadol
Trimethoprim
Sulfamethoxazole
Azithromycin
Fluconazole
Fluconazole
Sulfamethoxazole
Trimethoprim
Tizanidine
Sulfamethoxazole
Trimethoprim
Amoxicillin
Lisinopril
Nitrofurantoin
Tamsulosin
Donepezil
Dicyclomine
Meloxicam
Pregabalin
Mirabegron

Diazepam

RR, semi-Bayes
shrunk and
adjusted®

2.36
2.31
2.02
2.07
2.26
2.21
2.44
2.20
2.33
2.33
2.11
2.01
2.01
2.06
2.19
2.17
2.28
2.24
2.10
2.09
2.08
2.07
2.94
2.67
2.38
2.20
2.00
2.36
2.36
2.23
2.19
2.15
2.14
2.10
2.63
2.27
2.58
2.16
2.25

95% CI

1.18-4.72
1.34-3.99
1.01-4.06
1.13-3.80
1.54-3.32
1.50-3.25
1.29-4.62
1.25-3.88
1.23-4.40
1.23-4.40
1.20-3.69
1.13-3.56
1.13-3.56
1.11-3.80
1.04-4.63
1.03-4.55
1.05-4.94
1.22-4.13
1.24-3.57
1.35-3.24
1.34-3.24
1.08-3.96
1.43-6.06
1.31-5.44
1.73-3.29
1.60-3.04
1.24-3.24
1.16-4.82
1.16-4.82
1.36-3.66
1.25-3.84
1.12-4.12
1.03-4.47
1.12-3.91
1.31-5.27
1.33-3.89
1.19-5.60
1.03-4.52
1.04-4.89
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TABLE 3 (Continued)

Antidepressant

Escitalopram

Therapeutic class of
co-dispensed drug of the
base-pair

Cardiovascular

Central nervous system

Endocrine and metabolic

Gastrointestinal
Hematological

Renal and genitourinary

Co-dispensed drug of
the base-pair
Simvastatin
Olmesartan
Benazepril
Rosuvastatin
Atenolol
Atenolol
Simvastatin
Pravastatin
Benazepril
Terazosin
Simvastatin
Metoprolol
Diltiazem
Atorvastatin
Atorvastatin
Lisinopril
Memantine
Carbidopa
Carbidopa
Levodopa
Levodopa
Morphine
Gabapentin
Ropinirole
Clonazepam
Risperidone
Memantine
Levothyroxine
Levothyroxine
Levothyroxine
Allopurinol
Allopurinol
Alendronate
Alendronate
Ranitidine
Clopidogrel
Solifenacin
Solifenacin
Oxybutynin
Hydrochlorothiazide
Hydrochlorothiazide

Candidate
interacting
precipitant
Aripiprazole
Clonazepam
Trimethoprim
Dexlansoprazole
Sulfamethoxazole
Trimethoprim
Pregabalin
Baclofen
Sulfamethoxazole
Alprazolam
Clonazepam
Naproxen
Doxycycline
Carbidopa
Levodopa
Divalproex
Divalproex
Sulfamethoxazole
Trimethoprim
Sulfamethoxazole
Trimethoprim
Ondansetron
Loperamide
Naproxen
Aripiprazole
Tramadol
Furosemide
Aripiprazole
Sumatriptan
Clonazepam
Sulfamethoxazole
Trimethoprim
Trimethoprim
Sulfamethoxazole
Alprazolam
Loperamide
Sulfamethoxazole
Trimethoprim
Codeine
Sulfamethoxazole

Trimethoprim

RR, semi-Bayes
shrunk and
adjusted®
6.60
4.35
2.89
2.80
2.76
2.76
2.49
2.48
2.44
2.38
2.34
2.15
2.14
2.13
2.13
2.03
2.36
2.35
2.35
2.35
2.35
2.28
2.23
2.20
2.18
2.08
2.04
2.94
2.15
2.14
2.13
2.13
2.10
2.07
2.13
2.63
2.99
2.84
2.62
2.46
2.37

ASCPT

95% CI

3.23-13.46
2.09-9.07
1.35-6.16
1.19-6.59
1.49-5.13
1.49-5.13
1.16-5.35
1.13-5.43
1.14-5.25
1.06-5.34
1.38-3.97
1.32-3.52
1.14-4.02
1.17-3.88
1.17-3.88
1.05-3.92
1.28-4.36
1.18-4.68
1.18-4.68
1.18-4.68
1.18-4.68
1.01-5.15
1.04-4.79
1.00-4.85
1.08-4.41
1.02-4.25
1.22-3.42
1.63-5.29
1.09-4.24
1.41-3.24
1.07-4.23
1.07-4.23
1.05-4.19
1.03-4.15
1.12-4.05
1.25-5.51
1.55-5.79
1.46-5.51
1.26-5.46
1.61-3.77
1.55-3.64

(Continues)
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TABLE 3 (Continued)

Antidepressant

Fluoxetine

Mirtazapine

Paroxetine

Sertraline

Therapeutic class of
co-dispensed drug of the
base-pair

Cardiovascular

Central nervous system
Endocrine and metabolic
Gastrointestinal

Renal and genitourinary

Cardiovascular

Endocrine and metabolic

Cardiovascular

Endocrine and metabolic

Cardiovascular

Central nervous system

Endocrine and metabolic

Hematological

Renal and genitourinary

Co-dispensed drug of
the base-pair
Pravastatin
Diltiazem
Metoprolol
Alprazolam
Metformin
Esomeprazole
Triamterene
Spironolactone
Diltiazem
Diltiazem
Pravastatin
Metoprolol
Digoxin
Levothyroxine
Benazepril
Lovastatin
Losartan
Amlodipine
Ethinyl estradiol
Atenolol
Atenolol
Diltiazem
Diltiazem
Lisinopril
Terazosin
Atorvastatin
Diltiazem
Clonazepam
Pregabalin
Meloxicam
Donepezil
Levonorgestrel
Levothyroxine
Levothyroxine
Allopurinol
Warfarin
Warfarin
Warfarin
Clopidogrel
Solifenacin
Solifenacin
Oxybutynin
Oxybutynin

Candidate
interacting
precipitant
Levofloxacin
Gabapentin
Sulfamethoxazole
Fluconazole
Clonazepam
Cyclobenzaprine
Oxycodone
Amoxicillin
Amoxicillin
Clavulanate
Sulfamethoxazole
Cefdinir
Tramadol
Risperidone
Amoxicillin
Tramadol
Baclofen
Meclizine
Cyclobenzaprine
Sulfamethoxazole
Trimethoprim
Sulfamethoxazole
Trimethoprim
Loperamide
Levofloxacin
Ropinirole
Ondansetron
Loperamide
Doxycycline
Gabapentin
Sulfamethoxazole
Cyclobenzaprine
Megestrol
Metolazone
Sulfamethoxazole
Sulfamethoxazole
Trimethoprim
Gabapentin
Quetiapine
Trimethoprim
Sulfamethoxazole
Trimethoprim

Sulfamethoxazole

RR, semi-Bayes
shrunk and
adjusted®
241
2.10
2.08
2.48
2.74
2.18
2.25
2.23
2.92
2.51
2.22
2.02
2.00
2.09
2.31
2.22
2.17
2.05
2.16
2.63
2.62
2.55
244
241
2.40
2.14
2.01
2.41
2.10
2.07
2.04
2.32
2.11
2.05
2.02
2.34
2.25
2.06
2.01
2.84
2.67
2.31
2.29

95% CI

1.19-4.90
1.01-4.37
1.22-3.57
1.23-4.99
1.40-5.36
1.08-4.39
1.08-4.67
1.04-4.78
1.55-5.50
1.23-5.12
1.08-4.55
1.03-3.97
1.08-3.70
1.11-3.94
1.10-4.82
1.06-4.67
1.01-4.67
1.01-4.19
1.08-4.30
1.54-4.51
1.53-4.48
1.40-4.65
1.34-4.42
1.33-4.38
1.12-5.13
1.11-4.15
1.10-3.69
1.06-5.48
1.08-4.06
1.17-3.68
1.24-3.34
1.01-5.31
1.15-3.88
1.03-4.08
1.08-3.77
1.31-4.17
1.27-4.00
1.24-3.43
1.15-3.52
1.36-5.96
1.26-5.64
1.31-4.08
1.29-4.07
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TABLE 3 (Continued)

ASCPT

Therapeutic class of Candidate RR, semi-Bayes
co-dispensed drug of the Co-dispensed drug of interacting shrunk and
Antidepressant  base-pair the base-pair precipitant adjusted® 95% CI
Trazodone Cardiovascular Isosorbide mononitrate ~ Gabapentin 2.51 1.24-5.09
Atorvastatin Terbinafine 2.41 1.12-5.17
Pravastatin Alprazolam 2.33 1.25-4.34
Atenolol Sulfamethoxazole 2.03 1.05-3.95
Central nervous system Tramadol Gabapentin 2.04 1.14-3.66
Quetiapine Clonazepam 2.03 1.07-3.86
Meloxicam Gabapentin 2.00 1.18-3.39
Endocrine and metabolic Glimepiride Meclizine 2.15 1.01-4.59
Renal and genitourinary Spironolactone Ciprofloxacin 2.30 1.26-4.22
Furosemide Promethazine 2.29 1.29-4.06
Respiratory Montelukast Promethazine 2.13 1.00-4.54
Venlafaxine Cardiovascular Simvastatin Sulfamethoxazole 2.11 1.12-3.97
Simvastatin Trimethoprim 2.06 1.10-3.86
Hematological Clopidogrel Methylprednisolone 2.16 1.02-4.59

Abbreviations: CI, confidence interval; RR, rate ratio.

“Rate ratio was calculated as outcome rates during candidate interacting precipitant-exposed days divided by outcome rates during candidate interacting

Tatep5e— pair-+candidate interacting precipitant

Tatepe

precipitant-unexposed days (i.e., .y
month, and ever having a prior traumatic injury of interest.

increase the risk of serotonin syndrome when combined
with escitalopram®® —both pharmacodynamic interaction
pathways may lead to a traumatic injury. Another exam-
ple is duloxetine + allopurinol with versus without prega-
balin (2.58, 1.19-5.60). Pregabalin may worsen the CNS
depression resulting from the theoretical pharmacokinetic
interaction between duloxetine (a CYP1A2 substrate and
CNS agent) and allopurinol (a weak CYP1A2 inhibitor).”’
CNS depression may lead to unintentional injury by caus-
ing somnolence, drowsiness, sedation,® and extrapyrami-
dal side effects including tremors and involuntary muscle
contraction.”’ Altogether, the above-described biologically
plausible signals bolster the validity of our screening ap-
proach and warrant increased clinical consideration to pre-
vent potential injury.

Two identified signals with very strong associations
(i.e., RR>4) warrant a focused discussion. The near-seven-
fold increased injury rate for escitalopram -+ simvastatin
with versus without aripiprazole (6.6, 3.23-13.24) may be
explained by a pharmacodynamic interaction between es-
citalopram and aripiprazole, as both have CNS depressant
effects. However, if this were the only mechanistic pathway,
one would expect all escitalopram triads with aripiprazole
as the candidate precipitant and that had similar sample size
as the escitalopram + simvastatin-aripiprazole combination
to be associated with increased injury rates, which we did
not observe. For example, escitalopram + atorvastatin with
versus without aripiprazole had an RR of 1.31 (0.61-2.79).

), adjusting for the following time-varying covariates: average daily dose of antidepressant, follow-up

Therefore, an additional or alternate but undetermined
mechanism may be at play. The greater than four-fold in-
creased injury rate for escitalopram +olmesartan with ver-
sus without clonazepam (4.35, 2.09-9.07) may be explained
by a pharmacodynamic interaction among the three drugs,
as escitalopram and clonazepam have CNS depressant ef-
fects and olmesartan has hypotensive effects. Future etio-
logic research should assess whether this interaction result
is likely to be additive or synergistic.

We also noticed that among the antidepressants
screened, sertraline, citalopram, and escitalopram had the
largest number and proportion of drug triads signaled for
increased injury rates. This pattern aligns with the find-
ings of our previous screening on pairwise drug-drug
interactions (DDIs), in which sertraline, citalopram, and
escitalopram were the three antidepressants with the most
DDI signals for injury.'® The reasons behind their higher
number 3DI signals are unclear, as their pharmacoki-
netics are unlikely to differ from other antidepressants
in a way that may contribute to more drug interactions.
Notably, these three drugs also had larger sample sizes
than any other antidepressants in the current study. Their
larger number of 3DI signals may be partially explained
by greater statistical power resulting from larger samples.

We also identified numerous signals with anti-
infectives as the candidate precipitant. Three potential
explanations may underlie these signals. First, a pharma-
cokinetic interaction (e.g., altered hepatic metabolism)
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between the anti-infective and the co-dispensed drug in
the base-pair may be compounded by a CNS depressant
effect of antidepressant. For example, the signal for fluox-
etine +alprazolam with versus without fluconazole (2.48,
1.23-4.99) may be explained by fluconazole's inhibition
of alprazolam's metabolism via CYP3A4,% in addition to
fluoxetine's CNS depressant effects. Second is confound-
ing by indication, as infection (instead of anti-infectives)
might be responsible for the increased injury rates. This
is relevant because infection can cause confusion, delir-
ium, and weakness especially in older adults,* predispos-
ing patients to fall and resulting injury. Third is reverse
causation, in which an injury results in anti-infective
treatment. The latter two explanations are threats to the
validity of signals for triads including anti-infectives.
Future etiologic research on this subset of signals should
strongly consider methodological approaches that miti-
gate these concerns.

This study has strengths including: a large sample size
for the primary end point; use of the SCCS design, which
addresses time-invariant confounding and is extensively
used in drug interaction screening research; and the focus
on unintentional traumatic injury, a clinically relevant
outcome with public health urgency.

Several limitations must also be considered. First is
misclassification of drug use, given that data only docu-
ment receipt, not consumption, of medications. Further,
we lacked information on medications not covered by
insurance, such as those purchased out of pocket or over
the counter. Second is residual time-varying confounding,
including but not limited to confounding by indication
for the candidate precipitant. For example, the signal for
paroxetine +amlodipine with versus without meclizine
(2.05, 1.01-4.19) may be explained by the fact that me-
clizine is typically prescribed to treat vertigo, which is a
risk factor for falls leading to injury. To reduce confound-
ing by indication, future etiologic studies should consider
using a negative control precipitant drug as a qualitative
or quantitative comparator, which was impractical in
our high-throughput screening study. Third is potential
double-counting of the same signal for drugs commonly
prescribed as combination (e.g., trimethoprim and sulfa-
methoxazole), because our screening was at the ingredi-
ent level. Last, given the high-throughput nature of the
screening approach, our study intended to generate rather
than test hypotheses. Therefore, the identified 3DI signals
should be confirmed by future etiologic studies before
being used to guide clinical decisions.

In conclusion, we identified 334 antidepressant triads
associated with elevated injury rates using real-world data.
Our findings represent antidepressant 3DIs of potential
clinical concern and may inform future etiologic studies
intended to test these hypotheses.
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